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Warfarin is a frequently prescribed anticoagulant in rehabilitation patients. Adverse drug reactions of warfarin 
were reported as bleeding and cutaneous microvascular thrombosis. Major bleeding, such as intracranial 
hemorrhage and psoas hematoma, in patients receiving anticoagulation therapy is a rare condition, but 
sometimes very serious complication that can even be fatal. Patient-specific factors (eg, age, body size, race, 
concurrent diseases, and medications) explain some of the individual variability in warfarin dose, but genetic 
factors, which influence warfarin response, explain a significantly higher proportion of the variability in the dose. 
There are two identified genes that are responsible for the main proportion of the genetic effect: CYP2C9, which 
codes for the enzyme cytochrome P450 2C9 that metabolizes S-warfarin, and VKORC1, which codes for warfarin's 
target, vitamin K epoxide reductase. We report a case of intolerance to warfarin dosing, due to impaired drug 
metabolism in a patient with CYP2C9*l/*3 and VKORC 1173TT. Fortunately, there are no severe complications. 
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INTRODUCTION 

Warfarin is one of the drugs that are most often used 
in rehabilitation medicine. As an important therapy to 
prevent the relapse of cerebral infarction and improve 
neurological damage, it is commonly used in the reha- 
bilitation of subacute stroke and for patients with spinal 
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cord injuries, as well as for the prevention and treatment 
of frequent deep vein thrombosis and pulmonary throm- 
boemblolism. However, since warfarin has a narrow 
therapeutic range and a lot of differences in the sensitiv- 
ity between individuals, it needs appropriate controlled 
doses, and since it has a high risk of hemorrhage, cau- 
tious administration is required and interactions with 
other drugs and foods, as well as pharmacokinetic phases 
by age should always be carefully observed. 1 

Differences in individuals' sensitivities to warfarin are 
known to be affected by other drugs, foods and genetic 
diversities. Of these, understanding the genetic diversi- 
ties has been achieved through continuous genetic anal- 
yses, and for this, the U.S. Food and Drug Administration 
(FDA) currently recommends a genetic test before an 
anticoagulation therapy. 2 

Single Nucleotide Polymorphisms (SNPs) are known 
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to affect the maintained dose of warfarin for an appro- 
priate anticoagulation effect. Some SNPs are located 
in cytochrome P450 2C9 (CYP2C9), acting as a catalyst 
of the metabolism of warfarin, while others are located 
in Vitamin K epoxide Reductase Complex 1 (VKORC1), 
and warfarin restrains VKORC1, which restrains Vitamin 
K-dependent Clotting Factors. 3,4 So, the genetic poly- 
morphism of CYP2C9 and VKORC1 affects the diversities 
of the maintained dose of warfarin, not only of the indi- 
vidual patients, but also the nation. 

There have been many researches on CYP2C9 mutation 
affecting the individual variability of warfarin dose re- 
quirement, but very few report in clinics area. 

Severe hemorrhagic complications frequently occur 
during an acute rehabilitation treatment. Individual vari- 
ability of warfarin dose requirement is one of the reasons 
that occur these complications, so It is thought that the 
knowledge of CYP2C9 mutation, affecting the individual 
variability of warfarin dose requirement, is actually very 
important for physiatrists. 

The authors experienced a case of a noticeable prolon- 
gation of PT (INR) at the inducement time that deter- 
mines the maintained dose of warfarin during antico- 
agulation treatment and the subsequent administration 
of extremely low doses maintained extremely low, found 
the allelic mutations of CYP2C9 and VKORC1, and report 
them with literature review. 

CASE REPORT 

A 77-year-old female patient with the main complaint 
of gait disturbance was transferred to the Department of 
Rehabilitation Medicine. The patient had been diagnosed 
with colorectal cancer 6 years ago and received right 
Hemicolectomy and Total Hip Replacement Arthroplasty 
due to the metastasis of cancer to her right hip joint, two 
days before. In an ultrasonography on her leg veins, as an 
examination carried out two days before the surgery, a 
blood clot on the posterior tibial vein and thromboembo- 
lism on the right upper lobe, in addition to mesenchyma 
on the left inferior lobe from a chest CT were observed. 
As such, an anticoagulation treatment of thrombotic le- 
sion was started on the next day from the surgery. The 
patient, on the day of the transfer to the Department of 
Rehabilitation Medicine, was taking oxcodone (20 mg/ 
day), atorvastatin (20 mg/day), gabapentin (900 mg/ 
day), levosulpiride (25 mg/day), and cetamadol (R) (325 



mg/37.5 mg), three times a day. Her weight was 57.6 kg 
and her height was 160 cm. There was no special opinion 
on the basic blood chemistry and electrolyte, and on the 
first blood coagulation test, PT was 14.2 seconds and INR 
was 1.10, which were normal. 

As an anticoagulation treatment, the administration of 
warfarin started using enoxaparin (60 mg/day). The ini- 
tial dose of warfarin was 8mg after dinner on the first day, 
and PT next morning was 15.8 seconds and INR was mea- 
sured 1.26. In the evening on the same day, 8 mg was ad- 
ministered again, and PT on the following morning was 
62.6 seconds and INR was 7.33. In addition, the value of 
the coagulation remarkably increased. Thus, the authors, 
first considered the possibility of overdose of warfarin 
and an interaction with other drugs. The administration 
of cetamadol and warfarin was stopped, and Vitamin K 
10 mg IV was administered to prevent copious bleeding, 
and then stopped the rehabilitation and radiation treat- 
ments. On the following morning, PT was reduced to 23.0 
seconds and INR to 2.03, so warfarin was administered 
again for two days (2 mg/day), and the next morning's 
PT remarkably increased to 69.1 seconds and INR to 8.31. 
Again, Vitamin K 10 mg IV was administered, and the 
administration of warfarin was stopped. Four days after, 
INR was maintained at more than 4.0 and on the fifth 
day, PT was reduced to 20.8 and INR to 1.79. As a result, it 
turned out to be CYP2C9*l/*3 genotype, in which the het- 
erozygous A1075C (Ile359Leu) polymorphism was found 
on the result of a CYP2C9 genotype analysis, in which a 
Polymerase Chain Reaction (PCR) and Direct Sequencing 
method were carried out, and an intermediate metabo- 
lizer with deteriorated activation of enzyme compared 
to that of a wild type person. It was found that VKORC1 
genotype as 1173TT (homozygous) had a genetically high 
warfarin sensitivity. Thus, the authors started to find the 
maintained dose of warfarin of about 0.5-1 mg/day again, 
and with the dose of 0.5 mg/day, for the patient's value 
of coagulation, PT and INR was maintained at 21 sec- 
onds and about 1.9, respectively, and two weeks later, the 
radiation treatment was terminated. Consequently, the 
patient was discharged from the hospital with the proper 
function of independent walking, using a rolling walker. 

DISCUSSION 

The half period of warfarin in blood is 36 hours, on av- 
erage, and 99% of the drugs that are absorbed into blood 
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vessels are combined with albumin in the blood and 
disturbs the hepatic synthesis of Vitamin K-dependent 
coagulation factors, to induce anticoagulation. It is an 
effective oral anticoagulant for the prevention and treat- 
ment of thromboembolism, but attention should be paid 
in the use of it since it has a limited therapeutic range, a 
high risk of hemorrhage and interaction with other drugs 
and food. 1 

Cruickshank et al. 5 reported that severe hemorrhage, at 
about 1.0-3.0% and light hemorrhage at about 4.8-9.5%, 
occur in warfarin-dosed patients each year. Landelfeld 
and Beyth reported that the risk of hemorrhage in the 
group of patients who received warfarin treatment was 
0.6-9.6%, which is five times higher than that in a group 
of those without warfarin administration. 6 

Individuals' sensitivities to warfarin differ, depending 
on the various factors, such as age, gender, weight, ge- 
netic mutation and drugs used, and of these, CYP2C9 and 
VKORC1 genotype is an important genetic element that 
can explain the differences in warfarin capacity between 
individuals. The metabolism of warfarin is stimulated by 
CYP2C9 enzyme, which metabolizes S-warfarin to inert 
S-7-hydroxywarfarin. Patients with genetically mutated 
CYP2C9 become very sensitive to warfarin, so when the 
standard dose was used, they show over- anticoagulation. 
There are more than 20 alleles of CYP2CP mutation re- 
ported. Of these, CYP2C9*2 and CYP2C9*3 are common 
alleles that reduce the warfarin metabolism; CYP2C9*3 
has been reported 6-10% in Caucasians and 2-5% in 
Asians, and in a study on Koreans, CYP2C9*1 was report- 
ed in 93%, CYP2C9*3 in 6% and CYP2C9*13 in 0.6%, while 
CYP2C9*2,*4,*5,*11 was not found. Also, CYP2C9*1/*1, 
*l/*3 and *1/*13 genotypes were reported to be found in 
86.9%, 12% and 1.1%, respectively. 7,8 In addition, warfarin 
shows an anticoagulation by restraining VKORC1, which 
mediates Vitamin K activation, reducing 2,3-epoxide, and 
VKORC1 has 1173TT, CT and CC types. In addition, the 
frequency of these polymorphisms also differs depending 
on the nations: It has been reported that 80% of Japanese 
are TT type; and 27% of Israeli are TT type. 9 Also, in Kore- 
ans, 1173TT type is most common and it has been report- 
ed that 1173C alleles are found in 9.7% of them, and for 
VKORC1 1173CT type, the maintained dose of warfarin 
at 5.5 mg/day is used on average, while for 1173TT type, 
the maintained dose at 3.8 mg/day is used, so it has been 
reported that 1173TT type exhibits a higher sensitivity to 
warfarin than 1173CT type does. 10 



For most patients who need anticoagulation treatment, 
usually the maintained dose of warfarin is 4-6 mg/day; 
however, in this case, the intended PT (INR) values could 
be maintained at 0.5 mg/day, which are very low warfa- 
rin doses. Although there was a very high risk of serious 
complications, like copious hemorrhage and etc., fortu- 
nately, no special complications occurred. 

The polymorphisms of CYP2C9 and VKORC1 genes af- 
fect the pharmacokinetics of warfarin. Therefore, for a 
safer and a more effective warfarin medication, it is de- 
sirable to consider the genotypes of individual patients. 
However, in the situations of medical treatments in Ko- 
rea, if the costs are taken into consideration, it is difficult 
to test CYP2C9 and VKORC1 genes for all patients who 
need warfarin medication. Thus, administrating warfarin, 
if there is any abnormal metabolism, with an especially 
close PT (INR) progress observation, DNA tests should 
be carried out, keeping the possibilities by CYP2C9 and 
VKORC1 genes in mind. 
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